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Abstract 
Ab initio molecular dynamics simulations were performed to study the atomistic 
structures of Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 liquids near their melting 
temperatures. It is found that the total coordination number only changes slightly 
across the compositions. However, there is significant difference in the chemical 
ordering. The Cluster Alignment method was used to identify the dominant local 
structure motifs. It is found that distorted and perfect icosahedral clusters are the most 
popular motifs around Ni atoms, while Z14, Z15, and Z16 Frank-Kasper polyhedra 
are dominant around Nb atoms. Among the three compositions, the eutectic 
composition (Ni59.5Nb40.5) has the largest population of these dominant motifs and the 
highest degree of five-fold local symmetry. Chemical order in the distorted 
icosahedral motif is studied and the occupation probability of Nb in the distorted 
region is found to be much different from other sites. The network formed by 
distorted and perfect icosahedral clusters and that by the interconnection of the perfect 
icosahedra, Z14, Z15, and Z16 motifs are the strongest at the eutectic composition. 
The high percentage of perfect and distorted icosahedral clusters and their strong 
network structures in this system (especially around the eutectic composition) 
correlate well with the excellent glass forming ability in this system. 
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Ni-Nb alloy [1] is one of the best binary bulk metallic glass (MG) forming systems 
with many attractive properties such as high strength [2] and compressive plasticity 
[3]. MG of Ni-Nb alloy can be produced over a wide composition range (40-60 Ni 
at%) [4]. Most of the previous studies on Ni-Nb system focused on the best glass 
forming composition of Ni62Nb38, which is very close to the eutectic composition of 
Ni59.5Nb40.5 [2]. However, compared to the widely studied Cu-Zr [5-9] system, the 
atomic structures and structure-property correlations of Ni-Nb MGs and liquids are 
not as well understood.  
 
There have been several studies devoted to understanding the atomic structures of 
Ni-Nb MGs or liquids by experiments [10,11] or computer simulations. Pusztai et al. 
used the reverse Monte Carlo (RMC) method to analyze the atomic structure of the 
Ni62Nb38 MGs [12]. It was shown that the local atomic environments of Ni and Nb 
atoms are significantly different. However, it is already known that models 
constructed by RMC ignore chemical interaction, thus the model can be energetically 
very unfavorable despite having excellent agreement to the experimental structural 
factors [13]. Tian et al. have performed ab initio molecular dynamics (AIMD) 
simulations to study the structures of liquid and glass Ni62.5Nb37.5 [14]. The atomic 
structure was characterized using the cluster-glue atoms model [15], where the 
Ni-centered Ni7Nb6 icosahedra (ICO) were determined to be the dominant local 
structure motif. There are several studies where a larger composition range (15-77 Ni 
at%) were covered using an empirical potential under the embedded-atom method 
formalism [16,17]. However, the reliability of the potential over a wide range of 
compositions is a major concern. In general, the atomic structures of Ni-Nb liquids far 
from eutectic composition are still poorly understood. 
 
To enhance our understanding of the chemical and topological interactions in this 
alloy system, we performed ab initio molecular dynamics (AIMD) simulations to 
study the atomic structures and atomic diffusivity of Ni48Nb52, Ni59.5Nb40.5 and 
  3 
 
Ni75Nb25 liquids. AIMD has the advantage of higher accuracy in description of the 
interatomic interactions than empirical potentials. However, it suffers from the smaller 
model size and the much faster cooling rates than classical MD simulations. 
Nevertheless, such limitations are not a significant factor when AIMD is used to study 
the short range order (SRO) of equilibrium liquids above or close to melting points. 
We aimed to understand the composition dependence of atomic structure in Ni-Nb 
liquids, especially when the composition is far from the eutectic composition. It is 
very important to identify the dominant SRO in Ni-Nb liquids, by focusing not only 
on the local environment of Ni but also of the Nb centered clusters which comprise 
the dominant motifs as defined by our Cluster Alignment method [18]. It was found 
that the eutectic composition (Ni59.5Nb40.5) has the largest population of these 
dominant motifs near the melting points. Especially, distorted ICO (DISICO) motif is 
found to be the dominant motif around Ni at all the three compositions. It is revealed 
that the fraction of DISICO and ICO and the corresponding five-fold local symmetry 
[19] play an important role in the glass-forming ability of Ni-Nb liquids.  
 
2. Simulation details 
The AIMD simulations are performed using the VASP code [20]. The core-valence 
electron interactions are described by the projector-augmented-wave (PAW) method. 
Generalized gradient approximation (GGA) by Perdew and Wang is used for the 
electronic exchange and correlation energy [21]. Plane wave basis and a default 
kinetic energy cutoff from the PAW-GGA database are employed in calculations. 
Only the Γ point is used to sample the Brillouin zone. The AIMD simulations are 
carried out using the NVT ensemble with Nóse-hoover thermostat [22] under periodic 
boundary conditions. The simulation temperatures are 1563, 1448 and 1672K for 
Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25, respectively, which are within ± 5 K of the 
melting points determined from the phase diagram. The step size of the MD 
simulation is 3 fs.  
 
Cubic cells containing 250, 256 and 200 atoms are used to simulate Ni48Nb52, 
  4 
 
Ni59.5Nb40.5 and Ni75Nb25 liquids, respectively. The sizes of the simulations cells are 
carefully adjusted to yield an averaged pressure close to zero. We use an empirical 
potential (Finnis-Sinclair type) to generate the starting configurations. The initial 
configurations are then relaxed for 10 ps using AIMD until the energies of the models 
are stabilized. Finally, another 30 ps of AIMD simulations is used to collect atomic 
positions for structural analysis and diffusivity calculations. 
 
Cluster Alignment method [18] is used to determine the dominant motifs around Ni 
and Nb atoms in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 liquids. This method has been 
widely used to analyze the structures of MGs and liquids, e.g. Cu-Zr [23] and Al-Sm 
[24] which recovers the dominant motifs in metallic liquids and glasses. In order to 
eliminate the thermal distortion effects on the structure analysis, we use inherent 
structures to do the analysis. The inherent structures are obtained by quenching the 
liquids to 0 K in 300 steps of AIMD simulations. In order to identify the dominant 
local structure order motifs around the Ni atoms in the three liquids, all the 
Ni-centered clusters including up to first neighboring shell atoms at each liquid 
composition are extracted from 10 inherent structures quenched from randomly pick 
up snapshots of the MD simulation trajectories. A similarity matrix between all pairs 
of clusters at each composition is generated using the pair-wise cluster alignment 
method [18, 25, 26], and then the clusters with the same similarity are grouped by 
clique analysis [25,26]. We found that there is one dominant local order motif in all 
three liquids. This motif is identified as DISICO motif. The pairwise alignment scores 
between the DISICO templates obtained from the liquids of the three different 
compositions are about 0.1 indicating that the three templates are very similar. We 
found that the averaged DISICO template from the three compositions is quite close 
to the one from the Ni62Nb38 classical MD simulation [25]. Therefore, the DISICO 
template from reference [25] can be used to measure the fraction of the DISICO 
clusters in the liquids. In addition to DISICO template, perfect ICO template and BCC, 
FCC, and HCP crystalline templates are also used in the cluster-template one-on-one 
alignment to quantify the population of the local structure order. For Nb-centered 
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clusters, no clear dominant order motif is observed. Therefore, Z14, Z15 and Z16 
Frank-Kasper polyhedra [27] as well as ICO, BCC, FCC, HCP templates are used for 
the cluster-template one-on-one alignment. In the cluster-template one-on-one 
alignment, the similarity between the clusters in the liquids and the template is 
evaluated using an alignment score, which is defined as:  
݂ ൌ ܯ݅݊ ቀଵே ∑ |࢘௜௖ െ ࢘௜௧|ଶே௜ୀଵ ቁ
ଵ/ଶ ݎ଴ൗ            (1) 
where f is the alignment score, N is the number of the atoms in the template, r0 is the 
typical bond length of the template, ric and rit are the atom positions in the aligned 
cluster and template, respectively. The smaller the alignment score is, the more similar 
the cluster to the template in structure.  
 
The local atomic structures are also characterized by the Voronoi analysis method 
[28,29]. Based on the results of Voronoi analysis, the average degree of five-fold local 




5                                     (2) 
where iP  is the fraction of polyhedron type i and 5if  represents the fraction of 
pentagons in Voronoi type i and is defined as   6,5,4,355 / k kiii nnf   [30].   
 




2                  (3) 
where r2(t) is the time-dependent mean square displacements (MSD). The MSD is 
defined by  
   Ni ii tNtr 1 22 )0()(1)( rr             (4) 
where <·> denotes an ensemble average, ri(0) and ri(t) denote the initial and 
instantaneous atomic positions, respectively.  
 
3. Results and discussions 
The partial pair correlation functions (PPCFs) are shown in Fig. 1. All the PPCFs 
  6 
 
exhibit typical features of liquids, where the peaks are broadened and no long range 
oscillations can be seen. For Ni-Ni and Ni-Nb PPCFs, there is only slight difference in 
the profiles among different compositions. Meanwhile, the first minima of Ni-Ni and 
Ni-Nb PPCFs are almost identical, which are 0.333 and 0.363 nm, respectively. 
However, significant composition dependence can be found in Nb-Nb PPCFs. First, 
the height of the first peak drops significantly with decreasing Nb concentrations in 
the Ni-Nb liquids. It can be seen that the intensity of the first peak in Ni48Nb52 is the 
largest, followed by Ni59.5Nb40.5, and both compositions have higher first peak than 
the second peak. However, the second peak is higher than the first peak when the Nb 
concentration was reduced to 25 at % in Ni75Nb25. As the physical meaning of the 
peaks represents the probability to find the desired atomic pairs at certain separation 
distances, it can be deduced that in Ni75Nb25 liquid, there is higher probability to find 
other Nb atoms in the second coordination shell around Nb atom than in the first 
coordination shell. This result is reasonable since the Nb atoms tend to further 
separate with dilute Nb concentrations, taking into account that Ni and Nb have very 
large negative heat of mixing (-23 kJ/mol [31]). It is interesting to note that the first 
minimum of Nb-Nb PPCFs is also composition dependent, which decreases from 
0.393 nm in Ni48Nb52 liquid to 0.389 nm in Ni59.5Nb40.5 and 0.384 nm in Ni75Nb25 
liquids, respectively. Meanwhile the position of the first peak shifts to larger 
interatomic separation with decreasing Nb contents. Such behaviors are not observed 
in Ni-Ni and Ni-Nb PPCFs although the liquids were simulated under different 
temperatures.  
 





Using the first minima of PPCFs as a cutoff distance, we calculated the coordination 
number (CN) for every atom in the three Ni-Nb liquids. The distribution of the CN is 
shown in Fig. 2. It can be seen that the CN of Ni atoms in the Ni48Nb52 liquid has 
large population at both 11 and 12, while in the Ni59.5Nb40.5 and Ni75Nb25 liquid, the 
most probable CN of Ni atoms is 12. Similar trend can be found around Nb atoms but 
CN around Nb atoms centers at 14-15 in Ni48Nb52 liquids, and the profile gradually 
centers at 15 in Ni59.5Nb40.5 and Ni75Nb25 liquids. This is because the first shell around 
the Nb has larger surface area to accommodate more coordinated atoms due to larger 
size of Nb than Ni atoms.  
 
Fig. 2. The distribution of coordination numbers around Ni (a) and Nb atoms (b) in Ni48Nb52, 
Ni59.5Nb40.5 and Ni75Nb25 simulated at 1563 K, 1450K and 1672K, respectively. P is the 
fraction of the given type of atoms (i.e., Ni in (a) or Nb in (b)) that has specific number of 
neighbors. 
 
The partial and total CNs around Ni and Nb atoms in the Ni-Nb liquids are shown in 
Fig. 3. It can be seen that the total CNs around Ni are 11.5±1.0, 11.8±1.0 and 12.2±1.0 
in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25, respectively. The total CNs around Nb atoms 
are 14.6±1.1, 14.9±1.1, and 15.1±1.1 in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25, 
respectively. It can be seen that the total CNs show little dependence on Ni 
concentrations. However, the partial CNs show a much stronger compositional 
dependence. With increasing Ni contents, the CN of Ni-Ni increases from 4.2±1.4 in 
Ni48Nb52 liquids to 5.7±1.4 and 8.2±1.3 in Ni59.5Nb40.5 and Ni75Nb25, respectively. 
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Meanwhile, the CN of Ni-Nb decreases from 7.2±1.1 in Ni48Nb52 liquids to 6.1±1.1 
and 4.0±1.0 in Ni59.5Nb40.5 and Ni75Nb25, respectively. Around Nb atoms, the CN of 
Nb-Ni increases from 6.7±1.7 in Ni48Nb52 liquids to 8.9±1.6 and 12.1±1.4 in 
Ni59.5Nb40.5 and Ni75Nb25 liquids, respectively. Meanwhile, the CN of Nb-Nb 
decreases from 7.9±1.5 in Ni48Nb52 liquids to 6.1±1.4 and 3.1±1.3 in Ni59.5Nb40.5 and 
Ni75Nb25, respectively. These results suggest that the topological SRO can be similar 
among the Ni-Nb liquids in this study, but the local chemical SRO is very different. 
 
                   
Fig. 3. The partial and total coordination numbers around Ni (a) and Nb atoms (b) in Ni48Nb52, 
Ni59.5Nb40.5 and Ni75Nb25 liquids as a function of the Ni concentration. 
 
For each template discussed in section 2, there is a distribution of alignment score. 
The distribution of the alignment score of Ni- and Nb-centered clusters are shown in 
Fig. 4 and Fig. 5, respectively. If the template used in the cluster alignment analysis 
can describe the local atomic structure very well, i.e. the template fits well to a large 
fraction of SRO clusters in the liquid, we should see a large portion of the distribution 
located in the low score region. On the contrary, if the template fails to characterize 
the SRO, the distribution will shift to the large score region. Since the DISICO is new, 
the structure of this motif is plotted in Fig. 4(a). In this plot, the center Ni atom is in 
red and the brown and orange spheres denote the first shell atoms which are severely 
distorted from perfect ICO [25]. For Ni-centered clusters, it can be seen that the 
distribution of the alignment score has a larger portion in the low score region when 
aligned using DISICO and ICO as templates. It clearly indicates that the DISICO and 
Ni concentration              Ni concentration             
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ICO are the predominant motif around Ni atoms in all the three Ni-Nb liquids, which 
agrees with the results in Ref. [14]. As a result, the DISICO motif excavated from the 
Ni62Nb38 glass [25] is general in the three studied Ni-Nb liquids systems. Similarly, 
the dominant motifs around Nb atoms are identified to be Z14, Z15 and Z16 clusters. 
By contrast, the FCC, BCC and HCP templates fail to characterize the local atomic 
structure in the liquids. In this study, the alignment score 0.15 is used as cutoff to 
classify the motifs of the local clusters. The fractions of BCC, FCC or HCP clusters 
are very small under such a cutoff score.  
 
Fig. 4. (a) The DISICO motif found in Ni62Nb38 glass [25] from pair-wise alignment [26]. The 
center red position denotes Ni atom and the orange and brown balls represent the positions 
with the largest deviations from perfect ICO [25]. The distributions of alignment score of 





Fig. 5. The distributions of alignment score of Nb-centered clusters in Ni48Nb52 (a), 
Ni59.5Nb40.5 (b) and Ni75Nb25 (c) liquids. 
 
The fractions of the dominant Ni-centered SRO (DISICO and ICO) and the degree of 
the five-fold local symmetry are shown in Fig. 6. The results are calculated by 
averaging the fractions of these dominant SRO and the degree of the five-fold local 
symmetry in 100 inherent structures to achieve good statistics. It can be seen that the 
populations of dominant motifs exhibit strong composition dependence. The fractions 
of DISICO plus ICO are 18.92%, 25.07%, and 17.20% of total Ni-centered clusters 
for Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, respectively. It can be seen that these ICO 
(-like) clusters increase from the composition Ni48Nb52 to the eutectic point and then 
drops in Ni75Nb25 liquid although the liquid has the highest Ni concentration among 
the three. This result indicates there is considerable chemical effect in the local atomic 
packing rather than simple topological effects, since we would have expected a higher 
fraction of ICO and DISICO if simple topological factors have governed the local 
structure packing. The composition dependence of the average degree of five-fold 
local symmetry is similar to that of the ICO-like clusters as one can see from Fig. 6. 
The average degree of five-fold local symmetry is 0.5073, 0.5227, and 0.4884 for 
Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, respectively. The degree of five-fold symmetry is 
most prevalent at the eutectic composition which is strongly correlated with the best 
glass forming ability at this composition. Such results indicate that ICO-like clusters 
and the corresponding five-fold symmetry are very important for glass forming in the 
Ni-Nb system. Among the three liquids in this study, the eutectic composition has the 
highest glass forming ability and also the largest populations of DISICO and ICO and 
the highest degree of five-fold local symmetry. We note that Ni-centered ICO clusters 
and Nb-centered ICO, Z14, and Z16 clusters are seen in crystalline Ni6Nb7 compound, 
while the main motif in Ni3Nb is HCP indicating the inferior glass-forming ability 




Fig. 6. The fractions of Ni-centered DISICO plus ICO (black, normalized using the 
Ni-centered clusters) and the degree of the five-fold local symmetry in the system (red, 
calculated by Eq. (2)) in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 liquids. 
 
The cluster-alignment method also provides us with a way to characterize the 
chemical order of the SRO in detail. In chemical order analysis, the clusters which 
belong to the same SRO motif are overlapped with each other [25], with the 
orientation of the clusters in their best alignment (to the template) position [18]. In the 
three systems studied here, DISICO is the dominant motif of the Ni-centered cluster 
which accounts for 17.5%, 21.9%, and 16.2% of total Ni-centered clusters in the tree 
systems. The chemical distribution in DISICO cluster is shown in Figs. 7(a), (c), (e), 
and the corresponding fraction of the Nb atom in each site of the motif is shown in 
Figs. 7(b), (d), (f) for Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, respectively. In Figs. 7(a), 
(c), (e), the small red ball denotes Ni atom and the blue one represents Nb atom and 
the DISICO template is also plotted for reference. In Figs. 7(b), (d), (f), the horizontal 
solid line shows the average Nb fraction over all first shell sites of the cluster, while 
the dashed horizontal line indicates the stoichiometry composition of Nb in each 
system. The general observation is that Ni-centered DISICO is more prone to be 
composed of Nb atoms because the averaged Nb fraction in DISICO in each system is 
higher than the corresponding Nb composition. For example, the averaged Nb fraction 
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in DISCIO is 0.627 in Ni48Nb52 which is significantly higher than 0.52 of Nb 
composition. More interestingly, Nb atoms are not evenly distributed among the first 
shell site in the cluster as one can see from Fig. 7. Specifically, positions 8, 9, 11 and 
12 which are severely distorted from the ICO positions exhibit strong chemical 
occupation preference. While the positions 8 and 9 show high probabilities of Nb 
atom occupation, the positions 11 and 12 tend to have more Ni atoms. Moreover, Nb 
atoms prefer to occupy certain positions in the distorted parts of the DISICO, which is 
independent of the total stoichiometric composition. We examine the relationship 
between occupation preference and geometrical distortion from perfect ICO. Fig. 8 (a) 
plots the structure of DISICO with the same color scheme as that used in Fig. 4(a). 
The position labels in Fig. 8 (a) are the same as that in Figs. 7(a), (c) and (e), and the 
site 13 is newly added which can be considered as a second shell atom position from 
the center Ni atom. We found that atoms in the distorted region, i.e., at (8, 9, 11, 12), 
together with the Ni center atom and the second shell Ni-dominated atom at position 
13 form an “octahedral” structure similar to the motif in crystalline Ni3Nb phase as 
shown in Fig. 8 (b). The chemical composition occupation tendency in these 
“octahedral” sites also follows that in the Ni3Nb phase as one can see from Fig. 8 (c) – 
(e). While the chemical occupation probabilities of other sites have been given in Fig. 
7, the fraction of Ni in site 13 is 0.62, 0.71 and 0.78, for Ni48Nb52, Ni59.5Nb40.5, and 
Ni75Nb25, respectively. In this regards, the DISICO can be viewed as a mix of ICO 




Fig. 7. The overlap of all the DISICO clusters with the template in (a) Ni48Nb52, (c) 
Ni59.5Nb40.5, (e) Ni75Nb25 and the corresponding fraction of Nb atoms in each position in (b), 
(d), (f). The small red ball denotes the Ni atom and the blue one represents the Nb atom in (a), 
(c), (e). The solid line in (b), (d), (f) shows the averaged fraction of Nb atoms in all positions 






Fig. 8. (a) The structure of DISICO where the color scheme is the same as that used in Fig. 
4(a) and the position labels are the same as that in Figs. 7(a), (c), (e). The position 13 can be 
considered as a position on the second shell from the center Ni atom of the DISICO. (b) The 
unit cell of Ni3Nb is shown and the red denotes Ni and the blue balls are Nb atoms. The green 
parallelogram shows that 2 Ni and 2 Nb atoms are in the same plane. This plane and the Ni 
atoms on each side of the plane form an octahedral fragment in Ni3Nb phase. (c)-(e) The 
overlap of the DISICO clusters with the template considering position 13 on the second shell 
in Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, respectively. It can be seen that site 13 is rich in Ni 
atoms and sites (8, 9, 11, 12), site 13 plus the motif center is similar to the fragment of Ni3Nb 
phase connected by the grey bonds in (b). 
 
The network formed by Ni-centered DISICO and ICO and the spatial distribution of 
Ni-centered ICO and Nb-centered Z14, Z15, and Z16 clusters are plotted in Fig. 9 
(a)-(f) respectively. In Figs. 9 (a), (b), and (c), only the centers of DISICO and ICO 
clusters are plotted. The cluster centers are connected by “bonds” if the two centers 
are within a distance of 3 Å. Therefore, if the center atoms are connected by a “bond”, 
these two clusters have an interpenetration connection. From Figs. 9 (a), (b), (c), we 
can see that the DISICO and ICO in Ni59.5Nb40.5 liquid form a strong interpenetrating 
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network. Such an interpenetrating network is slightly weakened in Ni75Nb25 liquid and 
much weaker in Ni48Nb52 liquid. For more quantitative analysis, the coordination 
numbers of the centers using the cutoff of 3 Å are calculated to be 1.36, 2.5 and 2.32 
for Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25, respectively. The coordination number 
indicates how many DISICO plus ICO clusters are interpenetrated with the center 
cluster. For example, the coordination number 2.5 for Ni59.5Nb40.5 reveals that each 
DISICO or ICO cluster is interpenetrated with 2.5 other clusters (DISICO plus ICO) 
on average. In this way, this coordination number characterizes the interpenetrating 
network formed by DISICO plus ICO and could demonstrate whether the clusters are 
densely packed or not. From these quantitative analyses and the qualitative plot, the 
network formed by DISICO plus ICO is the strongest in Ni59.5Nb40.5, followed by 
Ni75Nb25 and Ni48Nb52 sequentially. Moreover, we calculate the MSD of all the Ni 
atoms and the DISICO plus ICO centers in a time period of 1500 steps (4.5 ps). For 
these three liquids, the averaged MSD for all the Ni atoms are 1.94 Å2, 1.45 Å2, and 
4.33 Å2 while the averaged MSD for DISICO plus ICO centers are 1.52 Å2, 1.29 Å2, 
and 3.83 Å2 for Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25, respectively. These results 
indicate that the DISICO and ICO centers move more slowly than the rest Ni atoms 
and contribute to the dynamics slowdown in the glass formation. On the other hand, 
the representative spatial distribution of Ni-centered ICO together with the 
Nb-centered Z14, Z15, Z16 clusters in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 liquids are 
illustrated in Fig. 9 (d), (e), (f). The atoms involved in these dominant SROs are 
33.5%, 46.1% and 24.0% of the total atoms in Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 
liquids, respectively. The number of atoms involved in these connecting networks 
could describe the size and degree of the networks. In this quantitative analysis, the 
networks in Ni59.5Nb40.5 are the most densely packed with more atoms involved. We 
can also observe that the dominant SRO clusters in Ni48Nb52 and Ni75Nb25 are not 
only low in population, but also sparsely distributed and thus do not form an 
interconnected network. By contrast, the ICO and Z14-Z16 clusters in the eutectic 
composition form a very compact network. It can also be found that Ni-centered ICO 
are interconnected with Nb-centered Z14-Z16 clusters, indicating a spatial 
  16 
 
adaptability among these motifs. Such networking can provide sluggish atomic 
dynamics and large barrier for nucleation in the liquid when the system is cooled 
below the melting point [32-34], although some of the crystalline local order clusters 
can exist in the high temperature liquids. From these two perspectives, the spatial 
distributions of the dominant SRO clusters are therefore in good agreement with the 
experimental observed glass forming ability in the Ni-Nb system. 
 
Fig. 9. Representative snapshots of the liquids, where only the centers of the Ni-centered 
DISICO and ICO are present in (a), (b), (c) for Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, 
respectively. If two centers are within the distance of 3 Å, there is a “bond” in grey color 
connecting them representing interpenetration. Ni-centered ICO and Nb-centered Z14, Z15 
and Z16 clusters are present in (d), (e), (f) for Ni48Nb52, Ni59.5Nb40.5, and Ni75Nb25, 
respectively. The grey ones are Ni and the green ones are Nb. 
 
Finally, we calculated the self-diffusivities of Ni and Nb in the three liquids near their 
melting points (see Table 1). It can be seen that the Ni75Nb25 liquid has the largest 
self-diffusivity for both the Ni and Nb atoms, which are about twice as large as the 
diffusivity of the other two liquids at their melting points. It is not so difficult to 
understand since the diffusivity depends significantly on the temperature, and the 
melting point of Ni75Nb25 is the highest among the three liquids in this study. 
Meanwhile, the eutectic composition has the lowest Ni and Nb self-diffusivities near 
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the melting point. Although the absolute values of self-diffusivity depend on the 
temperature, the ratio of Ni to Nb self-diffusivity near the melting point seems to be 













Ni48Nb52 1563 0.0669 0.0446 
Ni59.5Nb40.5 1450 0.0628 0.0440 
Ni75Nb25 1672 0.1397 0.0887 
 
4. Conclusions 
We performed ab initio molecular dynamic simulations to study the atomic structures 
of Ni48Nb52, Ni59.5Nb40.5 and Ni75Nb25 liquids. The dominant SRO around Ni atoms is 
found to be DISICO and ICO, while Z14, Z15 and Z16 clusters are dominant SROs 
around Nb atoms. Near the melting points, the eutectic composition (Ni59.5Nb40.5) has 
the largest population of these dominant SROs and the highest degree of five-fold 
local symmetry. The glass forming ability can be explained by the populations and 
spatial distribution of both the Ni- and the Nb-centered dominant SRO. The highest 
population of dominant SRO is found in Ni59.5Nb40.5, which is known to have the best 
glass forming ability among the three liquids. In addition, there is also a much 
stronger network formed by interconnection of these dominant SRO in Ni59.5Nb40.5 
than in Ni48Nb52 and Ni75Nb25 liquids. 
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